Characterization of Streptococcus thermophilus two-component systems: In silico analysis, functional analysis and expression of response regulator genes in pure or mixed culture with its yogurt partner, Lactobacillus delbrueckii subsp. bulgaricus.
The lactic acid bacterium Streptococcus thermophilus (S. thermophilus) is widely used in the dairy industry. As a food bacterium, it has to cope with changing environments such as milk, yogurt, as well as the digestive tract, after the product has been ingested. In bacteria, two-component systems (TCS) are one of the most prevalent mechanisms to sense and respond appropriately to a wide range of signals. They are typically composed of a sensor kinase (HK) that detects a stimulus and a response regulator (RR) which acts as a transcriptional regulator. Our objective was to make an inventory of the TCS present in S. thermophilus LMD-9 and investigate the contribution of each TCS to LMD-9 growth in milk. For that purpose, we performed in silico, transcriptomic as well as functional analysis. The LMD-9 genome presented 6 complete TCS with both HK and RR (TCS 2, 4, 5, 6, 7, and 9) and 2 orphan RRs (RR01 and 08) with truncated HK. Our in silico analysis revealed that for 5 TCS out of the 8, orthologs with known functions were found in other bacterial species whereas for TCS02, 4 and 6 the function of the orthologs are unidentified. Transcriptomic studies (using quantitative PCR) revealed that all S. thermophilus LMD-9 response regulator genes were expressed in milk; they were expressed at different levels and with different profiles during growth. In mixed culture with Lactobacillus delbrueckii subsp. bulgaricus (L. bulgaricus), the S. thermophilus partner in yogurt, the expression of four S. thermophilus LMD-9 response regulator increased; two of them, rr02 and rr09, increased by a factor of 6. These results indicate that the presence of L. bulgaricus induces regulatory changes in S. thermophilus. We also demonstrated that a response regulator (rr02) can exert its regulatory function on its target genes even when expressed at very low levels. We showed that RR05-an ortholog of Bacillus subtilis YycF or Staphylococcus aureus WalR-was essential for the growth of S. thermophilus. For the 7 other RRs, the absence of a single response regulator gene was insufficient to notably impact the growth of LMD-9 in milk, with or without supplementation with purines, formate, or stress agents (lactate, H₂O₂). We demonstrated here that the 8 response regulators of LMD-9 are expressed--and thus potentially active--during growth in milk and suggested that the response regulators have possibly overlapping regulons and/or functions not essential under the conditions tested.